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Description 

TECHNICAL FIELD 

[0001] The present invention relates to metal detec- 
tors and, in particular, to an Improved walk-through met- 
al detection system. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, walk-through metal detectors 
have become a commonly utilized piece of security 
equipment. While most people are familiar with, and ac- 
customed to the use of such detection systems in air- 
ports, the state of society today has unfortunately ne- 
cessitated the use of walk-through metal detection sys- 
tems in such unconventional locations as schools and 
courthouses. Regardless of place of use, the primary 
continuing function of walk-through metal detection sys- 
tems is to accurately detect the presence of hidden illicit 
metal objects such as firearms and knives on the body 
of an individual. 

[0003] The operation of prior art walk-through detec- 
tion systems for the purpose of detecting Illicit metal ob- 
jects, however, has been less than satisfactory in at 
least four ways. First, the detection electromagnetic field 
generated by prior art trans mit-receive coils in walk- 
through detection systems is plagued by the presence 
of weak or "dead" spots through which a person may 
pass an illicit metal object without detection. Alternative- 
ly, the detector may be set to respond to objects in the 
weak or "dead" spots, but unfortunately this causes the 
detector to be hyper-sensitive in the areas with normal 
response to trigger undesired metal alarms. Second, the 
prior art electronic systems provided for processing the 
signals output from the transmit-receive coils lack the 
capability of discriminating between iilicit and permissi- 
ble metal objects. Thus, large metal buttons, pocket 
change and belt buckles are often identified, quite to the 
annoyance of the person being scanned, as illictt metal 
objects. Third, the prior art electronics systems for metal 
detectors have no provision for discriminating against 
the cumulative sum total metal mass of small, permis- 
sible metal objects versus the metal mass of a single, 
large, illicit metal object. This drawback is the largest 
source of undesired metal alarms, thus necessitating 
additional security personnel to perfonm time consuming 
searches. Fourth, the prior art electronic systems further 
lack the capability of approximately identifying on the 
body of an individual the location of the carried metal 
object triggering the alarm. Thus, security agents often 
require a near complete disrobing of the scanned indi- 
vidual to locate the offending metal object and deter- 
mine whether the object is illicit. 
[0004] Accordingly, there Is a need for an improved 
walk-through metal detection system that provides for a 
more uniform generation of the detection electromag- 
netic field, is capable of discriminating between illicit and 



permissible metal objects, is capable of discriminating 
between cumulative and lumped metal mass, and is ca- 
pable of identifying the approximate location of the car- 
ried metal object triggering the alarm. 

5 [0005] US-A-3,758,849 discloses a balanced field 
metal detector apparatus comprising a coil assembly in- 
cluding planar, generally rectangular loop configured 
multi-turn field and sensor coils disposed in partially 
overlapping minimum mutual inductive coupling relation 

10 and oriented so that the long dimension of the loops is 
skewed relative to the vertical in use of the apparatus. 
It does not disclose the technical advantages of a metal 
detection system having a plurality of receiver coils con- 
nected in a one-to-one correspondent to a plurality of 

15 detector circuits that output detection signals to a proc- 
essor for generating a mass signal indicative of the total 
mass of a metal object disrupting an electromagnetic 
field. 

[0006] US-A-4,486,712 discloses a metal detector 

20 apparatus particularly adapted as a locator of small, 
usually obscure, isolated objects such as treasure 
items, antipersonnel mines, weapons, shrapnel, and 
other such items. The detector is of the portable trans- 
mitter-receiver type having a dual balanced receiving 

25 loop, together with a transmitter loop co-balanced rela- 
tive with the receiving loop arrangement, whereby the 
unique loop sensing setup, together with a dual channel 
receiver, provides a separate "right" and "left" bearing 
indication to the operator of the obscure object's where- 

30 abouts. The imbalance between the normally balanced 
loop arrangement electromagnetic fields, brought about 
by the nearby presence of a metallic object acts to pro- 
duce a relative indicative difference in each receiving 
channel which provides the bearing, while the relative 

35 combined indication magnitude gives an indication of 
proximate distance between the detector and the sought 
object. 

[0007] US-A-3,896,371 discloses a a metal detector 
for detecting concealed metal objects such as coins. 

40 The discriminating circuit includes an L/C circuit which 
is forced to resonate at a frequency significantly higher 
than its natural resonance firequency. This L/C circuit is 
adapted to provide an output signal having different am- 
plitudes depending on the type of metal object which is 

45 in the proximity of the L/C circuit. 

[0008] US-A-3,697,972 discloses a metal detection 
alarm system for detecting the presence of an article of 
a particular metal in a given region by measuring the 
disturbance of two oscillating electromagnetic fields, 

50 one oscillating at from 5 to 20 kHz., the other at from 1 6 
Hz. to 5 kHz., and also of the disturbance of a magnetic 
field established by D.C. pulses produced at a rate of 0 
to 16 pulses per second. 

[0009] US-A-4,293,81 6 discloses a search loop for a 
55 metal detector is described having a magnetic flux feed- 
back coil whose magnetic flux opposes that of the trans- 
mit coil to provide a balanced loop. The balanced loop 
is thereby nulled and produces no output signal on the 
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receive coil when such loop is positioned in air remote 
from the ground and no metal object is present. The 
transmit coil, the feedback coif and the receive coil are 
supported coplanar with each other and the feedback 
coil is supported on the receive coil so that it is concen- 
tric therewith. 

[0010] US-A-5,039,981 discloses structure and de- 
tection methods for electromagnetic field ferromagnetic 
security detection stations of the type conventionally 
used at airports and the like. Improved sensitivity to fer- 
romagnetic masses, such as knives or firearms carried 
by a person in the vicinity of the feet, ankles or lower 
legs is achieved by interposing a riser platform to assure 
that the person is introduced into the detection electro- 
magnetic field above the floor or ground plane a prede- 
termined distance that increases sensitivity of the de- 
tection of ferromagnetic masses carried by the person 
in the lower part of the body. 

SUMMARY OF THE INVENTION 

[0011] In accordance with the present invention, a 
unique configuration of the transmit-receive coil for a 
walk-through metal detector is provided as claimed in 
claim 1. The transmit coil comprises a single coil of wire 
split in half and excited in phase, with one half of the 
split coil positioned on either side of a passageway for 
the walk-through metal detection system. Positioned 
adjacent each half of the split transmit coil is a separate 
receive coil. The combined transmit-receive coll is con- 
figured with a vertically elongated geometry. Due to mu- 
tual coupling between the split transmit coils, an elec- 
tromagnetic field having a substantially uniform vertical 
field density (i.e., virtually no weak or "dead" spots) is 
generated, the field concentrated in the passageway. 
With a uniform vertical field, accurate detection of metal 
objects may be made regardless of relative position 
within the passageway. 

[0012] The electronic system for the walk-through 
metal detection system of the present invention includes 
a separate detector circuit connected to each receive 
coil. The signals output from the detector circuits are 
processed to generate an output signal indicative of the 
total metal mass detected within the generated electro- 
magnetic field. The output signal is compared to a 
threshold signal, and if greater than the threshold signal, 
an illicit metal object is presumed to be present within 
the electromagnetic field and an alarm is sounded. The 
use of separate detectors provides maximum sensitivity 
for discriminating between illicit and permissible metal 
objects by providing a response to an accurate approx- 
imation of true metal mass. Approximate horizontal po- 
sition of the detected metal object may also be deter- 
mined. 

[0013] In accordance with another embodiment of the 
present Invention, each receive coil on either side of the 
passageway comprises a plurality of individual receive 
coils. Each individual receive coil in the plurality of coils 



Is connected to a separate detector circuit outputting a 
complex phase and amplitude signal indicative of the 
detection of metal object(s) within the electromagnetic 
field. Each of the plurality of phase amplitude signals 

5 are converted to digital signals and processed using dig- 
ital signal processing techniques to identify the metal 
object(s) disrupting the electromagnetic field. The use 
of dual multiple receive coils with digital signal process- 
ing facilitates not only the discrimination between illicit 

10 and permissible metal objects by determining individual 
lumped metal mass, but also the determination of the 
both the approximate vertical and horizontal position of 
the metal object detected in the field. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] A more complete understanding of the metal 
detection system of the present invention may be had 
by reference to the following recalled Description when 
20 taken in conjunction with the accompanying Drawings 

wherein: 

FIGURE 1 is a block diagram of a first embodiment 
of the metal detection system of the present inven- 

25 tion; 

FIGURE 2 Is a more detailed block diagram of the 
first embodiment of the system shown in FIGURE 1; 
FIGURE 3 Illustrates the geometry of one of the 
transmit-receive coils in the first embodiment of the 

30 metal detection system shown in FIGURE 2; 

FIGURE 4 is a block diagram of a second embodi- 
ment of the metal detection system of the present 
invention; 

FIGURE 5 is a block diagram of the detector circuit 
35 for the system of FIGURE 4; 

FIGURE 6 illustrates the geometry of one of the 

transmit-receive coils in the second embodiment of 

the metal detection system shown in FIGURE 4; 

FIGURE 7 is a circuit diagram for the dual rate, high 
40 pass filter for the system of FIGURES 1 and 2; 

FIGURE 8 is a circuit diagram for one of the chained 

logarithmic amplifier circuit with auto-zeroing for the 

system of FIGURES 1 and 2; and 

FIGURE 9 is a circuit diagram for dual signal, dual 
45 rate, high pass filter for the system of FIGURES 4 

and 5. 

DETAILED DESCRIPTION OF THE DRAWINGS 

50 [0015] Referring now to FIGURE 1, there is shown a 
block diagram of a first embodiment of the metal detec- 
tion system 10 of the present invention. The system 10 
utilizes a pair of multiple turn, very low frequency coil 
sets 11 positioned on either side of a passageway 26 

55 through which persons or articles pass for scanning and 
detection of illicit metal objects. The system 10 utilizes 
a field generation coil 12 divided between the coil sets 
11 and connected to a single oscillator circuit 14. The 
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single coil of wire for the field generation coil 12 is split 
at its mid-point 16 into a right coil 12r for one coil set 11r 
and a left coll 121 for the other coil set 111. The split coils 
are connected in parallel, with the mid-point 16 coupled 
to one alternating current port 18 of the oscillator 1 4 and 5 
the ends 20 connected together and to another alternat- 
ing current port 22. The right and left field generation 
coils 12r and 121 are excited in phase by the oscillator 
14 to generate a single alternating current electromag- 
netic field 24 concentrated with substantially uniform io 
field density in the passageway 26. 
[0016] The presence of metal objects in the passage- 
way 26. causes a disturbance in the electromagnetic 
field 24 generated by the co-phased field generation 
coils 12. This disturbance is sensed by dual, right and 15 
left receive coils 28r and 281, respectively, that, like the 
split transmit coil 12, are also positioned in the coil sets 
11 r and 111 on opposite sides of the passageway 26. 
Each receive coil 28 in a coil set 11 is connected to a 
corresponding detector circuit 30 that detects the field 20 
disturbance. A processor 32 takes the approximate 
cube roots of the signal outputs from the detector circuits 
30. redundantly multiplies and cross-differentiates the 
cube roots, and selects the lesser result (weaker signal) 
as an analog approximation of the total mass of the met- 25 
al object(s) detected in the passageway 26. If the deter- 
mined metal mass exceeds a predetermined threshold 
mass level, then an alarm 34 is sounded indicating the 
presence and detection of an illicit metal object. Al- 
though the preferred embodiment of the detector circuit 30 
30 and processor 32 comprises analog circuit devices, 
it will, of course, be understood that the requisite detec- 
tion and processing functions may be implemented us- 
ing digital signal processing techniques as well. 
[0017] Reference in now made to FIGURE 2, wherein 35 
there is shown a more detailed block diagram of the first 
embodiment of the metal detection system 10 of FIG- 
URE 1 . A channel selector circuit 36 is connected to the 
oscillator 14 to allow for the selection (signal CS) by the 
system user of different frequencies (preferably approx- 40 
imately 6 kllohertz, with 100 hertz separating the chan- 
nels) for the generated alternating current electromag- 
netic field 24. Slight phase adjustments in the generated 
alternating current signal are also possible with the se- 
lector circuit 36. With proper frequency and phase se- 45 
lection, multiple systems 10 are operable in close prox- 
imity to each other with minimal interference to adverse- 
ly affect performance. The oscillator 14 further includes 
two square wave outputs 38 and 40. The first output 38 
provides a square wave in phase (signal I) with the gen- so 
erated electromagnetic field 24. The second output 40 
provides a square wave in quadrature phase (signal Q) 
with the signal exciting the generated electromagnetic 
field 24. 

[0018] Although illustrated in FIGURE 1 as a single 55 
coil, each side of the field generation coil 12 in a coil set 
11 Is preferably comprised of three separate elements. 
The first element Is a transmit coil 42r and 421, the sec- 



ond element Is a null adjust loop 44r and 441, and the 
third element is a feedback coil 46r and 461. The three 
elements of the field generation coil 12 in each coil set 

1 1 are connected in series between the mid-point 1 6 and 

the coil end 20. 

[0019] Reference is now made to FIGURE 3 wherein 
there is shown the geometry of one coil set 11 positioned 
on one side of the passageway 26. It will, of course, be 
understood that a mirror image of the coil geometry il- 
lustrated in FIGURE 3 is present in the coil set 11 on the 
opposite side of the passageway 26. 
[0020] The transmit coil 42 for the field generation coll 

12 has rounded corners and an elongated rectangular 
shape having a longitudinal axis 43 of symmetry. The 
null adjust loop 44 is coaxially aligned with the transmit 
coil 42 having a similar elongated rectangular shape 
with rounded corners. The null adjust loop 44 has a nar- 
rower width and a slightly shorter length than the trans- 
mit coil 42. The feedback coil 46 is co-planar with and 
also coaxially aligned with the transmit coil 42, and is 
co-located with and has a substantially Identical overall 
size and shape as the null adjust loop 44. Similarly, the 
receive coil 28 is also co-planar and coaxially aligned 
with the transmit coil 42, and is co-located with and has 
a substantially identical overall size and shape as the 
null adjust loop 44 and feedback coil 46. 

[0021] The transmit coil 42 is shielded with a resistive 
Faraday split section tubular shield 45 that is terminated 
to system ground 49. The co-located receive coil 28 and 
feedback coll 46 are gathered together and also shield- 
ed with a resistive Faraday split section tubular shield 

47 that is terminated to system ground 49. Termination 
of the shields 45 and 47 to system ground provides pri- 
mary electromechanical interference and radio frequen- 
cy interference suppression. Openings in the tubular 
shields 45 and 47 are selectively located near the lon- 
gitudinal ends of the coils to minimize loading of the gen- 
erated electromagnetic fisid 24. 

[0022] By co-locating the null adjust loop 44, the re- 
ceive coil 28 and the feedback loop 46 in the coil set 11 , 
thesensitivity of the syscem 10 near the longitudinal end 
regions 51 of the coil structure is enhanced. The null 
adjust loop 44 further includes a plurality of null adjust 
wire crossover points for shaping the generated electro- 
magnetic field 24. With proper null adjustment, a sub- 
stantially uniform electromagnetic field, free from weak 
or "dead" spots, is generated. 

[0023] Referring again to FIGURE 2. each detector 
circuit 30 Includes a balun 48 for terminating a corre- 
sponding one of the receive coils 28r and 281. The balun 

48 provides a balanced input 50 connected to the ends 
52 and 54 of the receive coil 28, thus allowing the re- 
ceive coils 28 to operate with a relatively high resonant 
frequency providing increased sensitivity. The balun 48 
incorporates input low pass filtering circuitry to provide 
both electromechanical and radio frequency Interfer- 
ence suppression. The balun 48 further converts the 
balanced input 50 to a single ended, unbalanced termi- 
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nation 58. The unbalanced signal at termination 58 is 
applied to a pre-amp circuit 60 that incorporates further 
low pass filtering and shifts the phase of the unbalanced 
signal to output a pre-amp signal on line 62. The phase 
of the pre-amp signal is preferably shifted in comparison 
to the phase of the two square wave signals 38 and 40 
output from the oscillator 14 as needed to provide an all 
metals response for the detector circuit output. 
[0024] The pre-amp output signal on line 62 is applied 
to a quadrature detector 64 having DC coupled phase 
66 and amplitude 68 outputs. The in phase (I) and quad- 
rature phase (Q) square wave signals output from the 
oscillator 14 are also applied to the quadrature detector 
64. Selection of the static operating point for the detector 
64 is made by the channel selector 36 with the channel 
select signal (CS) to match the frequency selected for 
the generated alternating current electromagnetic field 
24. A slight phase adjustment may also be provided by 
the channel selector 36 to compensate for a response 
shift in the receive coils 28 when the system 1 0 is oper- 
ated on the various selected operating frequencies. 
[0025] The DC coupled outputs 66 and 68 are 
summed at 70, and the dynamic response of the system 
adjusted at 72 (with respect to the summed amplitude 
and phase components) to provide a predetermined 
metal slope response for the receive coil 28. The metal 
slope response refers to a balancing of the detector cir- 
cuit 30 operation to detect all metals (both ferrous and 
non-ferrous) equally well. The adjusted signal output 
from summer 70 is applied to a low pass filter 74 that 
filters out high frequency noise components and sets the 
maximum walk-through rate for metal object detection. 
This maximum rate allows for typical leg swing veloci- 
ties. 

[0026] Following low pass filtering, the filtered signal 
output on line 76 is AC coupled to a dual rate high pass 
filter 78 that includes precision comparators for detect- 
ing whether an object is approaching or departing from 
the passageway 26. If the object is detected as ap- 
proaching, the filter 78 is set to a slow rate for processing 
the filtered signal on line 76 and generating a detector 
output signal on line 79. This allows the system to ac- 
curately process slow moving objects. Conversely, if the 
object is detected as departing, the filter 78 is set to a 
high rate for processing the filtered signal and generat- 
ing the detector output signal on line 79. This allows the 
system to quickly reset for a subsequent object to be 
processed, thus maximizing the object throughput rate. 
The circuit diagram for the dual rate, high pass filter 78 
is shown in FIGURE 7. 

[0027] The processing circuit 32 is connected to re- 
ceive the detector output signals generated by both de- 
tector circuits 30 for the right and left receive coils 28r 
and 281, respectively. The processing circuit 32 includes 
a pair of chained logarithmic amplifier circuits 80 and 82, 
each one connected to process one of the received de- 
tector output signals on lines 79r and 791. The chained 
logarithmic amplifier circuits 80 and 82 are implemented 



with operational transconductance amplifiers, stabilized 
with a windowed threshold type comparator. The 
transconductance amplifiers further provide a multiple- 
pole, variable low pass filter function that enhances sys- 
5 tem noise immunity. Each logarithmic amplifier circuit 80 
and 82 further includes an auto-zeroing feedback circuit 
84 to compensate for thermal drift and background 
noise. The circuit diagram for one of the logarithmic am- 
plifier circuit 80 and 82 along with auto-zeroing feedback 
10 circuit 84 is shown in FIGURE 8. 

[0028] When an object moves through the passage- 
way 26 closer to one receive coil 28 than another, the 
signal derived from the close coil receives a relatively 
intense and quick processing response from the loga- 
15 rithmic amplifier circuits 80 and 82, while the signal de- 
rived from the distant coil receives a relatively weaker 
and slower response. A weak detector output signal in- 
dicative of the detection of a small or distant metal object 
in the passageway 26 is significantly amplified by the 
20 variable low pass filters of the circuits 80 and 82 in ac- 
cordance with a long integration time constant. Con- 
versely, a strong detector output signal indicative of the 
detection of a large or close metal object is subjected to 
a short integration time constant and is only slightly am- 
25 plifled. This selective amplification of the detector output 
signals is in effect taking the cube root of the output de- 
tector signal, and functions to compensate for the known 
near field inverse cube law attenuation characteristics 
of the receive coils 28. Thus, the system 10 will possess 
30 a wide dynamic range. It will, of course, be understood 
that in a digital implementation of the processor circuit 
32, a precise cube root of the detector output signal will 
be taken. 

[0029] Up to this point, the signals derived by the sys- 
35 tem from the sensing of the electromagnetic field 24 by 
the right and left receive coils 28r and 281, respectively, 
have been maintained separate from each other. The 
processing circuit further includes a pair of multiplier cir- 
cuits 86 and 88. The first multiplier circuit 86 multiplies 
40 a cube root signal A output from the logarithmic amplifier 
80 by a cube root signal B output from the logarithmic 
amplifier 82. This signal multiplication operation gener- 
ates an output signal C in accordance with the following 
equation: 

45 

C = (xA)*(yB). 

Similarly, the second multiplier circuit 88 multiplies the 
50 signal A by the signal 8. However, the multiplication gen- 
erates an output signal D in accordance with the follow- 
ing equation: 

55 D = {yA)*(xB). 

The multiplication coefficients x and y in the two above 
equations are selected empirically as calibration factors. 
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With correct selection, a predetermined voltage level 
output at C and D will be achieved regardless of place- 
ment of the detected metal object in the field 24. 
[0030] The cube root signals A and B output from the 
logarithmic amplifiers 80 and 82 may be further proc- 
essed to identify the approximate horizontal location of 
any detected object. The strength of the signals A and 
B is related to both the proximity of an object to the re- 
ceive coils 28r and 281. respectively, and the metal 
massof the object. A dual channel LED bar graph device 
85 is connected to outputs from the chained logarithmic 
amplifiers 80 and 82 and includes a signal strength 
measuring circuit driven by the output cubed root signals 
A and B. The higher the strength of the output cubed 
root signal, the more LEDs in the device 85 that will be 
lit and the more likely that the detected object is proxi- 
mate to corresponding receive coil 28'. When the signals 
are approximately equal, the object is most likely cen- 
trally located in the field 24. The bar graph device 85 
further includes a display hold circuit for holding LED 
display of the peak signal strength, thus allowing secu- 
rity personnel to review the location indication provided 
by the LED display after the person or article has passed 
through the field 24. 

[0031] The multiplication output signals C and D are 
cross coupled by a pair of difference amplifiers 90 and 
92. The first difference amplifier 90 subtracts the output 
signal D from the output signal C to generate an output 
signal E in accordance with the following equation: 

E = 2C - D. 

Similarly, the second difference amplifier 92 subtracts 
the output signal C from the output signal D to generate 
an output signal F in accordance with the following 
equation: 

F = 2D - C. 

[0032] The processing circuit 32 further includes a se- 
lect circuit 94 that receives the difference output signals 
E and F from the difference amplifiers 90 and 92. re- 
spectively, and outputs a signal G comprising the one 
of the signals E or F that has the weaker signal level. 
Thus, if select circuit 94 determines that E<F, then signal 
E will be output from the select circuit as signal G. Con- 
versely, if select circuit 94 determines that F<E, then sig- 
nal F will be output from the select circuit as signal G. 
[0033] The output signal G has a signal level indica- 
tive of the total mass of metal detected in the electro- 
magnetic field 24. The signal G is applied to one input 
of a comparator 96, with the other input to the compa- 
rator comprising an adjustable signal H generated by a 
sensitivity threshold circuit 98. If the signal level of the 
signal G is greater than the signal level of the signal H, 
then an illicit metal object has been detected, and the 



alarm 34 is actuated. By way of the sensitivity threshold 
circuit 98, the level of the signal H may be adjusted to 
control the sensitivity of the system 10 and minimize the 
incidence of undeslred metal alarms. 

5 [0034] Reference is now made to FIGURE 4, wherein 
there is shown a block diagram of a second embodiment 
of the metal detection system 10* of the present inven- 
tion. Like the system 10 of FIGURE 1. the second em- 
bodiment also utilizes a split field generation coil 1 2 that 

10 is excited in phase by the oscillator 14 to generate a 
single alternating current electromagnetic field 24 con- 
centrated with substantially uniform field density in the 
passageway 26. 

[0035] in the system 10', however, the electromagnet- 
15 ic field 24 is sensed by a plurality of receive coils 28r' 
for the right side coil set 11r', and a plurality of receive 
coils 281' for the left side coil set 111". In the preferred 
embodiment, six individual receive coils 28'(l) through 
28'(6) are disposed in each coil set 11' on either side of 
20 the passageway 26. Due to the added system complex- 
ity provided by the utilization of twelve receive coils, dig- 
ital signal processing techniques are preferably used to 
identify the presence of illicit metal objects in the field. 
The use of multiple receive coils 28' in each coil set 11' 
25 allows for several metal objects in the field 24 to be in- 
dividually detected and interpolated. This enables the 
system 10' to differentiate between a single object with 
a large metal mass and multiple objects with smaller 
metal masses. 

30 [0036] Each receive coil 28' is connected to a corre- 
sponding detector circuit 30' that detects any distur- 
bances in the electromagnetic field 24 sensed by the 
coils 28'. Each detector circuit 30' is similar in configu- 
ration to the detector circuit 30 shown in FIGURES 1 

35 and 2, except that the DC coupled phase 56 and ampli- 
tude 68 outputs from the quadrature detector 64 are low 
pass filtered at 74(1)' and 74(2)', and further processed 
by a dual signal type, dual rate high pass filter 78* (see, 
FIGURE 5) that outputs a low pass filtered (at 99(1 ) and 

40 99(2)) phase 100 and amplitude 102 detection signal 
from the detector circuit 30'. The high pass filter 78' is 
further modified to allow a slight DC signal output that 
is measured by the processing circuitry of the system 
10* to determine in a system self-test operation mode if 

45 one of the channels is being overloaded. Each of the 
low pass filters 74(1 )' and 74(2)' utilize a single pole low 
pass filter design. Each of the low pass filters 99(1) and 
99(2) utilize a two pole, anti-aliasing low pass filter de- 
sign. The circuit diagram for the dual signal type, dual 

50 rate high pass filter 78' is shown in FIGURE 9. 

[0037] The system 10' further includes a multiple 
channel, twelve bit analog-to-digital converter 104 to 
convert the plurality of complex analog phase and am- 
plitude detection signals output on lines 100 and 102 

55 from each of the detector circuits 30'. A central process- 
ing unit 106 utilizes digital signal processing techniques 
to process the digitized plurality of detection signals into 
a digitized image of the object(s) detected in the elec- 
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tromagnetic field 24. In processing the detection signals, 
the central processing unit 106 performs similar cubed 
root multiplication and differentiation mathematical 
processes on the detector signals as performed by the 
processing circuit 32 in the analog system 10 to detect 
individual object metal mass. 

[0038] Each detected object mass is then compared 
by the processing unit 106 to a predetermined sensitivity 
threshold to determine if any object has sufficient metal 
mass to be considered an illicit metal object. For each 
object so determined, an alarm is sounded and the proc- 
essor outputs, through the input-output interface 108 for 
presentation on display 110, a digitized metal image rep- 
resenting the metal mass and metal type of each detect- 
ed object. Furthermore, the object image is positioned 
on the display 1 1 0 in accordance its approximate detect- 
ed location within the electromagnetic field 24 to facili- 
tate further investigation by security personnel. The 
processor 106 further has the capability cf overlaying 
the displayed location of the illicit detected object on an 
image of a person or article received from a television 
camera 112 to assist the security personnel in locating 
the object on the person or article. A control panel 114 
is also provided to allow security personnel to control 
and program operation of the system 10', and a remote 
interface 115 is provided to allow the system to commu- 
nicate with external systems such as a security system. 
[0039] By appropriately programming the central 
processing unit 106, the implemented digital signal 
processing techniques facilitate system 10* operation to 
ignore the detection of certain types of known objects 
with relatively large metal masses (e.g., steel toed 
boots) that typically trigger alarms. Furthermore, test ob- 
jects may be placed in the field 24 and sampled by the 
system 10' to program system response to certain ob- 
jects. Programming of the system 10' may also be im- 
plemented through the downloading of object detection 
(metal mass) data from a disk or via a modem into the 
central processing unit 106. 

[0040] The use of multiple receive coils 28' along with 
digital signal processing of the detector signals further 
facilitates the differentiation between objects of different 
metal types. Thus, the system will operate to distinguish 
between ferrous and non-ferrous metal objects, and fur- 
thermore will distinguish degrees of metal composition 
(e.g., copper versus silver). This prevents an undesired 
metal alarm to be caused by the lumping of the ferrous 
and non-ferrous detections into a single metal mass. 
The multiple receive coils 28' along with digital signal 
processing techniques further facilitate the differentia- 
tion of metal objects by location within the field 24. This 
prevents an undesired metal alarm to be caused by the 
lumping of detections in separate locations into a single 
metal mass. In combination, these benefits enable the 
system 10* to determine that no alarm should be sig- 
nalled when two objects of differing metal types (such 
as a brass set of keys and a steel lighter) at different 
locations (in the left and right pockets) are sensed, when 



the combination of such sensed metal objects would 
typically cause an undesired metal alarm. 
[0041 ] The system 1 0' further includes a identification 
reader 116 for scanning persons or articles passing 
5 through the passageway 26 for an identification code. 
Such a reader 116 may scan identification cards or 
bracelets (each recording such a code) carried by per- 
sons or attached to articles. Known persons and articles 
that repeatedly pass through the passageway will be in- 
to itially scanned and a typical metal pattern resulting from 
the scan stored by the central processing unit 106 in a 
file associated with the person's or article's scanned 
identification code. The next time the person or article 
passes through the passageway, the identification code 
15 is read by the reader 116 and the metal pattern detected 
by the system 10' is compared by the central processihg 
unit 106 to the typical metal pattern stored for the read 
code. Detected deviations between the typical and pres- 
ently sensed metal patterns are then used to identify the 
20 presence of illicit metal objects. 

[0042] It is preferable that the entire system be imple- 
mented digitally. Accordingly, a dual signal type, dual 
rate high pass filter 78' may be replaced by a high res- 
olution sixteen bit analog-to-digltal converter with pro- 
25 grammable offsets. Furthermore, a high speed, high 
resolution analog-to-digital converter may be substitut- 
ed for nearly all the analog circuitry shown in the detec- 
tor circuit 30'. 

[0043] The split field generation coil 12 in each coil 

30 set 11' is preferably comprised of a series connected 
transmit coil 42*, null adjust loop 44*. and feedback coil 
46*. Reference is now made to FIGURE 6, wherein there 
is shown the geometry of the coil set 11' of FIGURE 4 
positioned on one side of the passageway 26. It will, of 

35 course, be understood that a mirror image of the coil 
geometry illustrated in FIGURE 6 is present in the coil 
set 11* on the opposite side of the passageway 26. 
[0044] The transmit coil 42' for the field generation coil 
12 has rounded corners and an elongated rectangular 

40 shape having a longitudinal axis 43 of symmetry. The 
six receive coils 28' (1) through 28' (6) each have an 
elongated rectangular shape with rounded corners, are 
coaxially aligned along the axis 43 and oriented co-pla- 
nar with the transmit coil 42'. The null adjust loop 44' 

"fs and feedback coil 46' are co-located with the plurality of 
receive coils 28', and thus are comprised of a corre- 
sponding plurality of serially connected sections, each 
section having a substantially identical size and shape 
as the corresponding receive coil. Each section of the 

50 null adjust loop 44* further includes a plurality of null ad- 
just wire crossover points for shaping the generated 
electromagnetic field 24. 

[0045] The transmit coil 42* is shielded with a resistive 
Faraday split section tubular shield 45 that Is terminated 
55 to system ground 49. Each receive coll 28' along with 
its corresponding section of the feedback coil 46' are 
gathered together and also shielded with a resistive Far- 
aday split section tubular shield 47' that is terminated to 
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system 10 ground. Termination of the shields 46 and 47* 
to system ground provides primary electromechanical 
interference and radio frequency interference suppres- 
sion. Openings in the tubular shields 45 and 47' are se- 
lectively located near the longitudinal ends of the coils 
to minimize loading of the generated electromagnetic 
field 24. 

[0046] Reference is now made to FIGURE 7. wherein 
there is shown a circuit diagram for the dual rate, high 
pass filter 78 for the system 10 of FIGURES 1 and 2. 
Resistor R1 and capacitor C1 form the input low pass 
filter 74 (see FIGURE 2) for filtering the summed ampli- 
tude 66 and phase 68 signals output from the quadra- 
ture detector 64. The filtered signal is passed through 
capacitor C2 functioning as a DC blocking high pass fil- 
ter. The positive (+) and negative (-) inputs to high im- 
pedance, low offset operational amplifier U1 are con- 
nected to the capacitor C2 through a guarded input 118. 
The output of the amplifier U1 is also connected to the 
negative (-) input and to a feedback loop containing re- 
sistor R2 connected to the positive (+) input of an oper- 
ational amplifier U2 configured as a comparator with a 
slight low pass filtering function. The negative {-) input 
of the amplifier U2 is connected to ground 120 and to 
resistor R2 through a capacitor C3. The output of the 
amplifier U2 is connected to the positive (+) input 
through a resistor R4, and to a continuation of the feed- 
back loop leading to the control port C of analog switch 
122. Port A of the switch 122 is connected to ground 
120, and port B of the switch is connected through a 
resistor R5 to the positive (+) input of the amplifier U1 
and to capacitor C2. A resistor R6 is also connected 
from the positive (+) input of the amplifier U1 and capac- 
itor 02 to ground 120. Resistor R7 functions as a pull- 
up resistor for the portion of the feedback loop leading 
to the control port O of analog switch 122. When switch 
122 is actuated to port B by the feedback signal at port 
C, resistor R5 is grounded 120 and the circuit functions 
in fast race operational mode described above. Con- 
versely, when the switch 1 22 is not actuated, resistor R6 
controls circuit operation In slow rate operational mode. 
[0047] Reference is now made to FIGURE 8, wherein 
there is shown a circuit diagram for one of the chained 
logarithmic amplifier circuits 80 or 82 with auto-zeroing 
84 for the system 1 0 of FIGURES 1 and 2. The chained 
logarithmic amplifier circuit comprises a first logarithmic 
amplifier circuit 124 Implemented with two LM13600N 
type operational amplifiers and connected to input line 
79, a first buffer circuit 126, a second logarithmic ampli- 
fier circuit 128 also implemented with two LM13600N 
type operational amplifiers, and a second buffer circuit 
130 outputting to a line 132. Connected to output line 
1 32 is a feedback line 1 34, with a resistor R8 connecting 
the feedback line 134 to the negative (-) input of the op- 
erational amplifier U3 configured as a comparator. The 
output of the amplifier U3 Is connected to the negative 
(-) input through a resistor R9. The positive (+) terminal 
of the amplifier U3 is connected to Vee through a resistor 



RIO, and to ground 120 through a parallel combination 
of resistor R11 and capacitor C4. The resistors R10 and 
R11 function as a voltage divider to set the operating 
point of the amplifier U3. The capacitor 04 acts as a 

5 noise filter. The output of the operational amplifier U3 Is 
connected to a low pass filter circuit 136 comprised of 
a resistor R12 and a non-polarized electrolytic capacitor 
05. The output of the low pass filter circuit 136 is con- 
nected to the input line 79 of the chained logarithmic 

10 amplifier circuit 80 or 82 through a switch 1 38 and a re- 
sistor R1 3. The signal output from the low pass filter 1 36 
comprises a square wave that tracks the background 
and thermal noise passing through the chained logarith- 
mic amplifier circuit 80 or 82. When fed back to the input 

15 line 79 of the chained logarithmic amplifier circuit 80 or 
82, this noise component is subtracted from the signal. 
The switch 138 allows the auto-zeroing circuit 84 to be 
turned off, thus allowing the chained logarithmic ampli- 
fier circuit 80 or 82 to be calibrated. 

20 [0048] Reference is now made to FIGURE 9, wherein 
there is shown a circuit diagram for the dual signal, dual 
rate, high pass filter 78' for the system 10' of FIGURES 
4 and 5. The filter 78' includes both an amplitude input 
140 and a phase input 142. The filter 78' is identical to 

25 the filter 78 of FIGURE 7, except in the following ways. 
The filter Includes input filter and rate selection circuit 
for the phase component. Thus, the amplitude and 
phase inputs 140 and 142 are connected to port A of 
their respective switches 122a and 122p through volt- 

30 age dividers 144a and 144p, respectively, comprised of 
resistors R14 and R15. The voltage dividers 144 allow 
a little of the DO component of the signals at the ampli- 
tude and phase Inputs 140 and 142 to reach the ampli- 
tude and phase outputs 146 and 148. Furthermore, it 

35 will be noted that the switch 122p on the phase side of 
the filter 78' is not driven by its own comparator, but Is 
rather driven by the feedback output from the amplitude 
side comparator U2 driving switch 122a. 
[0049] Although multiple embodiments of the metal 

40 detection system of the present invention have been il- 
lustrated in the accompanying Drawings and described 
In the foregoing Detailed Description, it will be under- 
stood that the invention Is not limited to the embodi- 
ments shown, but is capable of numerous reanrange- 

45 ments, substitutions and modifications without depart- 
ing from the scope of the invention as defined in the 
claims. 

50 Claims 

1. A metal detection system comprising an oscillator 
(14), a field generation coil (12) connected to and 
excited by the oscillator to generate an electromag- 
55 netic field disrupted by the presence of a metal ob- 
ject therein, an alarm (34) for outputting an alarm 
Indication when a metal mass signal exceeds a 
threshold signal; cilaracterized by: 
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a plurality of receiver colls (28) receiving the 
generated electromagnetic field of the field 
generation coil (12); 

a plurality of detector circuits (30), each of the 
detector circuits connected in one-to-one cor- 5 
respondence to each of the receiver colls (28), 
each detector circuit Including means (64, 74, 
78) for detecting the disruption of the electro- 
magnetic field received by the corresponding 
receiver coil and outputting a detection signal io 
Indicative thereof; and 

a processor (32) for receiving and processing 
the detection signals output from the detector 
circuits to generate a mass signal indicative of 
the total metal mass of a metal object disrupting 15 
the electromagnetic field, the processor (32) 
comprising a comparator (96) for comparing 
the mass signal to a threshold signal to actuate 
the alarm (34) when the mass signal exceeds 
the threshold signal. 20 

The metal detection of Claim 1 further character- 
ized by: 

each of the detector circuits (30) further com- 25 
prising a balun (48) connected to the corre- 
sponding receiver coll, a preamplifier (60) con- 
nected to the balun, a quadrature detector (64) 
connected to the preamplifier and outputting 
phase and amplitude signals, a summer (70) for 30 
adding the phase and amplitude signals, a low 
pass filter (74) connected to the summer, and 
a dual rate high pass filter (78) connected to the 
low pass filter to output the detection signals. 

35 

The metal detection as in Claim 2 further charac- 
terized by: 

the dual rate high pass filter (78) comprising op- 
erational amplifiers (U1, U2) responsive to an 40 
input signal comprising the phase signal and 
amplitude signal added by the summer (70) and 
filtered by the low pass filter (74) for determin- 
ing when the metal object disrupting the elec- 
tromagnetic field moves toward or away from 45 
the electromagnetic field; and 
a switch (122) responsive to the determination 
of motion of the metal object for processing the 
input signal at a first rate when the detected ob- 
ject moves toward the electromagnetic field so 
and processing the Input signal at a second rate 
faster than the first rate when the detected ob- 
ject moves away from the electromagnetic field, 
the processed input signal output as the detec- 
tion signal. 55 

The metal detection system as in Claim 1 further 
characterized by: 



the processor (32) comprises logarithmic am- 
plifiers (80, 82) for taking the cube root of each 
of the detection signals to output corresponding 
root signals, multipliers (86. 88) for multiplying 
the root signals to output multiplication signals, 
difference amplifiers (90, 92) for differentiating 
the multiplication signals to output differential 
signals, a select circuit (94) for selecting one of 
the output differential signals as the mass sig- 
nal indicative of the total metal mass of the one 
or more metal objects disrupting the electro- 
magnetic field. 

5. The metal detection system as in Claim 4 further 
characterized by: 

wherein the multiplier (86) multiplies a first root 
signal (A) by a second root signal (B) to output 
a first multiplication signal (0) in accordance 
with the equation C=(xA)*(yB); and 
the multiplier (88) multiplies the first root signal 
(A) by the second root signal (B) to output a sec- 
ond multiplication signal (D) in accordance with 
the equation D=(yA)*(xB); and 
wherein xy comprise calibration factors select- 
ed to generate substantially the same multipli- 
cation signals for detection of a given metal ob- 
ject independent of the location of the object 
within the electromagnetic field. 

6. The metal detection system as in Claim 4 further 
characterized by: 

wherein the differential amplifier (92) subtracts 
a first multiplication signal from a multiple of a 
second multiplication signal to output a first dif- 
ferential signal; and 

wherein the differential amplifier (90) subtracts 
the second multiplication signal from a multiple 
of the first multiplication signal to output a sec- 
ond differential signal, the lesser of the first and 
second differential signals selected by the se- 
lect circuit (94) as the mass signal. 

7. The metal detection system as in Claim 1 further 
characterized by: 

a central processing unit (106) for processing 
the detection signals output from the detector 
circuits to generate a digitized image of each 
individual metal object detected disrupting the 
electromagnetic field; and 
a display (110) for displaying the digitized im- 
age to display the approximate location of each 
individual metal object detected disrupting the 
electromagnetic field. 

8. The detection system as in Claim 7 further charac- 
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terized by: 

a camera (112) for recording an image of a per- 
son or article passing through the passageway; 
the display (110) displaying the image; and 5 
an input output Interface (108) for overlaying 
the digitized Image to display the approximate 
location of each detected individual metal ob- 
ject on a person or in the article. 

10 

9. The metal detection system as in Claim 1 further 
characterized by: 

a central processing unit (106) for storing metal 
mass data of each Individual metal object de- is 
tected disrupting the electromagnetic field for a 
person or article, for linking the stored metal 
mass data with an identification number for the 
person or article, for scanning a person or arti- 
cle passing through the passageway for the as- 20 
signed identification number, for retrieving the 
stored metal mass data linked to the scanned 
identification number, and for comparing the re- 
trieved metal mass data with the Individual 
mass signal indicative of each individual metal 25 
objected detected disrupting the electromag- 
netic field. 



tische Feld stOrenden Metallobjektes charakte- 
ristisches Massensignal zu erzeugen, wobei 
der Prozessor (32) einen Komparator (96) zum 
Vergleichen des IVIassensignals mit einem 
Schwellenwertsignal umfasst, um die Alarm- 
vorrichtung (34) auszulosen, wenn das IVIas- 
sensignal das Schwellenwertsignal uberschrel- 
tet. 

2. Metalldetektionssystem nach Anspruch 1, ferner 
dadurch gekennzeichnet, dass: 

jede der Detektorschaltungen (30) ferner ein 
mit der entsprechenden Empfangerspule ver- 
bundenes Symmetrierglied (48), einen mit dem 
Symmetrierglied verbundenen Vorverstarker 
(60), einen Quadraturdetektor (64), der mit dem 
Vorverstarker verbunden ist und Phasen- und 
Amplltudensignale ausgibt, einen Summierer 
(70) zum Addieren der Phasen- und Amplrtu- 
densignale, einen mit dem Summierer verbun- 
denen Tiefpassfilter (74) und einen Zwei-Ge- 
schwindigkeits-Hochpassfilter (78) aufweist, 
der mit dem Tiefpassfilter verbunden ist, um die 
Detektionssignale auszugeben. 

3. Metalldetektionssystem nach Anspruch 2, ferner 
dadurch gekennzeichnet, dass: 



Patentanspruche 

1. Metalldetektionssystem mit einem Oszillator (14), 
einer Felderzeugungsspule (12), die mit dem Oszil- 
lator verbunden ist und durch diesen erregt wird, um 
ein elektromagnetisches Feld zu erzeugen, das 35 
durch die Anwesenheit eines Metallobjektes in die- 
sem gestort wird, einer Alarmvorrichtung (34) zum 
Ausgeben einer Alarmmeldung, wenn ein Metall- 
massensignal ein Schwellenwertsignal uberschrei- 
tet; gekennzeichnet durch: 

eine Vielzahl von Empfangerspulen (28), die 
das erzeugte elektromagnetische Feld der Fel- 
derzeugerspule (12) empfangen; 
eine Vielzahl von Detektorschaltungen (30), 45 
wobei jede der Detektorschaltungen in Eins-zu- 
Elns-Entsprechung mit jeder der Empfanger- 
spulen (28) verbunden ist, wobei jede Detek- 
torschaltung Mitte! (64, 74, 78) zum Detektieren 
der Storung des durch die entsprechende so 
Empfangerspule empfangenen elektromagne- 
tischen Feldes und zum Ausgeben eines dafur 
charakteristischen Detektionssignals aufweist; 
und 

einen Prozessor (32) zum Empfangen und Ver- 55 
arbeiten der von den Detektorschaltungen aus- 
gegebenen Detektionssignale. um ein fQr die 
Gesamt-Metallmasse eines das elektromagne- 



der Zwel-Geschwindigkeits-Hochpassfilter 
(78) Operationsverstarker (U1 , U2), die auf ein 
Eingangssignal reagieren, das das Phasensi- 
gnal und das Amplitudensignal umfasst, die 
durch den Summierer (70) addiert und durch 
den Tiefpassfilter (74) gefiltert wurden, um zu 
bestimmen, wann das das elektromagnetische 
Feld storende Metallobjekt sich auf das elektro- 
magnetische Feld zu Oder von ihm weg bewegt; 
und 

einen auf die Bestimmung der Bewegung des 
Metallobjektes reagierenden Schalter (122) 
umfaBt, um das Eingangssignal mit einer er- 
sten Geschwindlgkeit zu verarbeiten, wenn das 
detektierte Objekt sich auf das elektromagneti- 
sche Feld zu bewegt, und um das Eingangssi- 
gnal mit einer zweiten Geschwindlgkeit zu ver- 
arbeiten, die hoher als die erste Geschwindig- 
keit ist, wenn das detektierte Objekt sich von 
dem elektromagnetischen Feld weg bewegt, 
wobei das verarbeitete Eingangssignal als das 
Detektionssignal ausgegeben wird. 

Metalldetektionssystem nach Anspmch 1, ferner 
dadurch gekennzeichnet, dass: 

der Prozessor (32) logarithmische Verstarker 
(80. 82) zum Bestimmen der Kubikwurzel von 
jedem der Detektionssignale, um entsprechen- 
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de Wurzelsignale auszugeben, Multiplizierer 
(86, 88) zum Multiplizieren der Wurzelsignale. 
um Muftipllkationsstgnale auszugeben, Diffe- 
renzverstarker (90, 92) zum Differenzieren der 
Multiplikationssignale, um Differenzsignale 5 
auszugeben, und eine Auswahlschattung (94) 
umfasst, um eines der Ausgangs-Differenzsi- 
gnale als das Massensignal auszuwahlen, das 
fur die Gesamt-Metallmasse des einen oder 
der mehreren Metallobjekte charakteristisch io 
ist, das bzw. die das elektromagnetische Feld 
stort bzw. store n. 

Metalldetektionssystem nach Anspruch 4, ferner 
dadurch gekennzeichnet, dass: ^5 

der Multiplizierer (86) ein erstes Wurzelsignal 
(A) mit einem zweiten Wurzelsignal (B) multi- 
pllziert, um ein erstes Multiplikationsslgnal (C) 
gemafi der Gleichung C=(xA)*(yB) auszuge- 20 

ben; und 

der Multiplizierer (88) das erste Wurzelsignal 
(A) mit dem zweiten Wurzelsignal (B) multipli- 
ziert, um ein zweites Multiplikationsslgnal (D) 
gemaf^ der Gleichung D=(yA)*(xB) auszuge- 25 
ben; und 

wobei xy Kalibrationsfaktoren umfassen, die 
ausgewahit sind, um im Wesentlichen dieselben 
Multiplikationssignale zur Detektion eines gegebe- 30 
nen Metallobjektes zu erzeugen, unabhdngig von 
dem Ort des Objektes innerhalb des elektromagne- 
tischen Feldes. 

Metalldetektionssystem nach Anspruch 4, ferner 35 
dadurch gekennzeichnet, dass: 

der Dlfferenzverstarker (92) ein erstes Multipli- 
kationssignal von einem Vielfachen eines zwei- 
ten Multiplikationssignales subtrahiert, um ein 40 
erstes Differenzsignal auszugeben; und 
der Dlfferenzverstarker (90) das zweite Multi- 
plikationssignal von einem Vielfachen des er- 
sten Multiplikationssignales subtrahiert, um ein 
zweites Differenzsignal auszugeben, wobei 45 
das kleinere des ersten und des zweiten Diffe- 
renzsignals durch die Auswahlschaltung (94) 
als das Massensignal ausgewdhit wird. 

Metalldetektionssystem nach Anspruch 1, ferner 50 
gekennzeichnet durch: 

eine zentrale Recheneinheit (106) zum Verar- 
beiten der von den Detektorschaltungen aus- 
gegebenen Detektionssignale, um ein digitall- 55 
siertes Bild jedes einzelnen Metallobjektes zu 
erzeugen, das beim Storen des elektromagne- 
tischen Feldes detektiert wird; und 



eine Anzeige (110) zum Anzeigen des digitali- 
sierten Bildes. um den ungefahren Ort jedes 
einzelnen Metallobjektes anzuzeigen, das 
beim Storen des elektromagnetischen Feldes 
detektiert wird. 

8. Detektionssystem nach Anspruch 7, ferner ge- 
kennzeichnet durch: 

eine Kamera (112) zum Aufnehmen eines Bil- 
des einer Person oder eines Artikels, die bzw. 
der sich durch den Durchgang bewegt; 
die Anzeige (110), die das Bild anzeigt; und 
eine Eingabe-Ausgabe-Schnittstelle (108) zum 
Oberlagern des digitalisierten Bildes, um den 
ungefahren Ort jedes detektierten einzelnen 
Metallobjektes an einer Person.oder in dem Ar- 
tikel anzuzeigen. 

9. Metalldetektionssystem nach Anspruch 1, ferner 
gekennzeichnet durch: 

eine zentrale Recheneinheit (106) zum Spei- 
chern von Metallmassen-Daten jedes einzel- 
nen beim Stdren des elektromagnetischen Fel- 
des detektierten Metallobjektes fur eine Person 
Oder einen Artikel, zum Verknupfen der gespei- 
cherten Metallmassen-Daten mit einer Identifi- 
kationsnummer fur die Person oder den Artikel, 
zum Abtasten einer Person oder eines Artikels, 
die bzw. der sich durch den Durchgang be- 
wegt, nach der zugewiesenen Identifikations- 
nummer, zum Abrufen der mit der abgetasteten 
Identifikationsnummer verknupften gespei- 
cherten Metallmassen-Daten und zum Verglei- 
chenderabgerufenen Metallmassen-Daten mit 
dem individuellen Massensignal, das fur jedes 
einzelne beim Stdren des elektromagnetischen 
Feldes detektierte Metallobjekt charakteri- 
stisch 1st. 



Revendications 

1. Systeme de detection de metaux comprenant un 
osctllateur (14). une bobine de generation de 
champ (12) connect^e d Toscillateur et exclt^e par 
celui-ci pour generer un champ 6lectromagnetique 
perturbe par la presence d*un objet metallique a Tin- 
terieur de celui-ci, une alarme (34) pour produire 
une indication d'alarme lorsqu'un signal de masse 
de m^tal d^passe un signal de seuil ; caractdris^ 
par: 

une plurality de bobines de reception (28), re- 
cevant le champ electromagn^tique genere de 
la bobine de generation de champ (12) ; 
une plurality de circuits de detection (30), cha- 
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cun des circuits de detection etant connecte se- 
lon une correspondance bi-univoque a chacu- 
ne des boblnes de reception (28). chaque cir- 
cuit de detection comprenant des moyens (64, 
74, 78) pour detecter la perturbation du cinamp 
magnetique repu par la bobine de reception 
correspondante et produire un signal de detec- 
tion indiquant cette perturbation ; et 
un processeur (32) pour recevoir et traiter les 
signaux de detection produits par les circuits de 
detection pour generer un signal de masse in- 
diquant la masse de metal totale d'un objet me- 
tallique perturbant le champ magnetique, le 
processeur (32) comprenant un comparateur 
(96) pour comparer le signal de masse a un si- 
gnal de seuil afin d'activer I'alarme (34) lorsque 
le signal de masse d^passe le signal de seuil. 

2. Systeme de detection de metaux selon la revendi- 
cation 1, caracterise en outre en ce que : 

chacun des circuits de detection (30) comprend 
par ailleurs un sym^triseur (48) connecte a la 
bobine de reception con^espondante, un 
preamplificateur (60) connect6 au sym6triseur, 
un d^tecteur en quadrature de phase (64) ac- 
couple au preamplificateur et produisant des si- 
gnaux de phase et d'amplitude, un sommateur 
(70) pour ajouter les signaux de phase et d'am- 
plitude, un filtre passe-bas (74) connecte au 
sommateur et un filtre passe-haut a deux debits 
(78) connecte au filtre passe-bas pour trans- 
mettre les signaux de detection. 

3. Systeme de detection de metaux selon la rev6ndi- 
cation 2, caracterise en outre en ce que : 

le filtre passe-haut a deux debits (78) comprend 
des amplificateurs operationnels (U1, U2) r6a- 
gissant d un signal d'entr^e comprenant le si- 
gnal de phase et le signal d'amplitude ajout^s 
par le sommateur (70) et filtres par le filtre pas- 
se-bas (74) pour determiner le moment ou I'ob- 
jet metallique perturbant le champ magnetique 
se rapproche ou s'Scarte du champ 
magnetique ; et 

un commutateur (122) reagissant d la determi- 
nation du mouvementde Tobjet metallique pour 
letraitementdu signal d*entr6e a un premier de- 
bit lorsque I'objet detecte se deplace vers le 
champ electromagnetique et le traitement du 
signal d'entree a un second debit plus rapide 
que le premier debit lorsque I'objet detecte 
s'ecarte du champ magnetique, le signal d'en- 
tree traite etant produit en tant que signal de 
detection. 

4. Systeme de detection de metaux selon la revendi- 



cation 1 , caracterise en outre en ce que : 

le processeur (32) comprend des amplifica- 
teurs logarithmiques (80, 82) pour prendre la 

6 racine carr6e des signaux de detection pour ob- 

tenir des signaux de racine correspondants, 
des multiplicateurs (86, 88) pour multiplier les 
signaux de racine pour obtenir des signaux de 
multiplication, des amplificateurs differentiels 

10 (90, 92) pour differentier les signaux de multi- 

plication afm d'obtenir des signaux differentiels, 
un circuit de selection (94) pour seiectionner 
I'un des signaux. differentiels obtenus en tant 
que signal de masse indiquant la masse de me- 

15 tal totale du ou des objets metalliques pertur- 

bant le champ magnetique. 

5. Systeme de detection de metaux selon la revendi- 
cation 4, caracterise en outre en ce que : 

20 

le multiplicateur(86) multiplie un premier signal 
de racine (A) par un second signal de racine 
(B) pour obtenir un premier signal de multipli- 
cation (C) selon I'equation C=(xA)*(yB) ; et 

25 le multiplicateur (88) multiplie le premier signal 

de racine (A) par le second signal de racine (B) 
pour obtenir un second signal de multiplication 
(D) selon I'equation D=(yA)*(xB) ; et 
xy comprennent des facteurs d'etalonnage se- 

30 lectionnes pour generer sensiblement les me- 

mes signaux de multiplication pour la detection 
d'un objet metallique donne independent de 
I'emplacement de I'objet a I'interieur du champ 
electromagnetique. 

35 

6. Systeme de detection de metaux selon la revendi- 
cation 4, caracterise en outre en ce que : 

ramplificateur differentiel (92) soustrait un pre- 
40 mier signal de multiplication d'un multiple d'un 

second signal de multiplication pour obtenir un 
premier signal differentiel ; et 
ramplificateur differentiel (90) soustrait le se- 
cond signal de multiplication d'un multiple du 
45 premier signal de multiplication pour obtenir un 

second signal differentiel, le plus petit des pre- 
mier et second signaux differentiels selection- 
ne par le circuit de selection (94) etant le signal 
de masse. 

50 

7. Systeme de detection de metaux selon la revendi- 
cation 1 . caracterise en outre par : 

une unite centrale (1 06) pour traiter les signaux 
55 de detection produits par les circuits de detec- 

tion pour generer une image numerisee de cha- 
que objet metallique individuel detecte pertur- 
bant le champ magnetique ; et 
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une units d'affichage (110) pour afficher I'image 
numerisSe afin de visualiser remplacement ap- 
proximatif de chaque objet metallique indivi- 
dual dStecte perturbant le champ magnStique. 

5 

8. Systeme de detection selon la revendication 7, ca- 
racterise en outre par : 

une camera (112) pour enregistrer une image 
d'une personne ou d*un article passant a tra- fo 
vers le passage ; 

Tunite d'affichage (110) pour afficher I'image ; 
et 

une interface d'entree sortie (108) pour super- 
poser rimage numerisee pour afficher Templa- *5 
cement approximatif de chaque objet metalli- 
que individuel detecte sur une personne ou 
dans Tarticle. 

9. Systeme de detection de metaux selon la revendi- 20 
cation 1, caracterise en outre par : 

une units centrale (106) pour stocker des don- 
nSes de masse de metal de chaque objet me- 
tallique individuel detecte perturbant le champ 25 
magnetique pour une personne ou un article, 
pour associer les donnees de masse de metal 
stockees a un numero d'identificatton corres- 
pondant a la personne ou I'article, pour balayer 
une personne ou un article passant S travers le 30 
passage pour le numSro d'identification affects, 
pour recupSrer les donnSes de masse de mStal 
stockees associSes au numSro d'identification 
balaye et pour comparer les donnees de masse 
de metal recupSrees au signal de masse indi- 35 
viduel indiquant chaque objet metallique indivi- 
duel detecte perturbant le champ magnetique. 
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Fig.9 
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